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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Toru SHIKAYAMA et al. 

Serial Number: Not Yet Assigned 
(PCT/JP99/04542) 

Filed: July 16, 2001 

For: RESOLVER USING SHEET COIL 

PT? FT TMTN A R Y AMENDMENT 

Commissioner for Patents 
■ Washington, D.C. 20231 ^ 16 > 2001 

' Sir: 

Prior to the calculation of the filing fees of the above application, please amend the 
i application as follows: 

IN THE CLAMS : 

Please amend claims 6-9 as follows: 

6. (Amended) The resolver using a sheet coil as set forth in any one of Claims 1 through 
3 , wherein one of either the outer diameter of said rotary transformer secondary side pattern or that 
of said rotary transformer primary side pattern is made larger than the other thereof. 
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7. (Amended) The resolver using a sheet coil as set forth in any one of Claims 1 through 
3, wherein the radius r 2 of the extremely outer conductor of said rotary transformer secondary side 
pattern and radius ^ of the extremely outer conductor of said rotary transformer primary side pattern 
is established so as 0 < r 2 - ^ < 4 *X 2 or 0 < ^ - r 2 < 4 x A,, where the pattern pitch of the rotary 
transformer secondary side pattern is X 2 and the pattern pitch of the rotary transformer primary side 
pattern is X v 

8. (Amended) The resolver using a sheet coil as set forth in any one of Claims 1 through 3, 
wherein the outer diameter of said resolver excitation phase pattern is made larger than the outer 
diameter of the resolver detection phase pattern while the inner diameter of the resolver excitation 
phase pattern is made smaller than the inner diameter of the resolver detection phase pattern, or the 
outer diameter of the above-described detection phase pattern is made larger than the outer diameter 
of the above-described excitation phase pattern while the inner diameter of the detection phase 
pattern is made smaller than the inner diameter of the excitation phase pattern. 

9. (Amended) The resolver using a sheet coil as set forth in any one of Claims 1, 2 and 3, 
wherein, where the pattern pitch of the resolver detection phase pattern is X e , and the pattern pitch 
of the solver detection phase pattern is X a , the radious r e 0 of the extremely outer conductor of the 
resolver excitation phase pattern and the radious r Q0 of the extremely outer conductor of the rotary 
transformer primary side pattern, or the radius r 9I of the extremely inner conductor of the resolver 

2 
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excitation phase pattern and the radius r aI of the extremely inner conductor of the rotary transformer 
primary side pattern are established so as to become 
0<r ao -r 6o < 4xX a 
and 

0<r ei -r ai < 4xX a 
or 

0 <r 9o' r ao * 4X>1 6 

and 

0<r ai -r 9i < 4xA, e . 
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REMARKS 

The above amendment is believed to place the claims in proper condition for examination. 
Early and favorable action is awaited. 

Claims 6-9 have been amended to remove improper multiple dependent claims. 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached page is captioned " Version with markings to show changes made." 

In the event there are any additional fees required, please charge our Deposit Account No. 
01-2340. 

Respectfully submitted, 

ARMSTRONG, WESTERMAN, HATTORI, 
McLELAND & NAUGHTON, LLP 



Atty. Docket No. 010882 




Suite 1000 Reg- No. 32,861 

1725 K Street, N.W. 
Washington, D.C. 20006 
Tel: (202)659-2930 
KH/yap 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



Claims 6-9 have been amended as follows: 

6. (Amended) The resolver using a sheet coil as set forth in any one of Claims 1 through 
[5] 3, wherein one of either the outer diameter of said rotary transformer secondary side pattern or 
that of said rotary transformer primary side pattern is made larger than the other thereof. 

7. (Amended) The resolver using a sheet coil as set forth in any one of Claims 1 through 
[6] 3, wherein the radius r 2 of the extremely outer conductor of said rotary transformer secondary side 
pattern and radius r i of the extremely outer conductor of said rotary transformer primary side pattern 
is established so as 0 < r 2 - r } < 4 xl 2 or 0 < r t - r 2 < 4 x X x where the pattern pitch of the rotary 
transformer secondary side pattern is 1 2 and the pattern pitch of the rotary transformer primary side 
pattern is A, v 

8. (Amended) The resolver using a sheet coil as set forth in any one of Claims 1 through [5] 
3, wherein the outer diameter of said resolver excitation phase pattern is made larger than the outer 
diameter of the resolver detection phase pattern while the inner diameter of the resolver excitation 
phase pattern is made smaller than the inner diameter of the resolver detection phase pattern, or the 
outer diameter of the above-described detection phase pattern is made larger than the outer diameter 

5 
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of the above-described excitation phase pattern while the inner diameter of the detection phase 
pattern is made smaller than the inner diameter of the excitation phase pattern. 



9. (Amended) The resolver using a sheet coil as set forth in any one of Claims 1, 2[, 3, 4, 

5 and 8] and 3 . wherein, where the pattern pitch of the resolver detection phase pattern is X 0 , and the 

pattern pitch of the solver detection phase pattern is X a , the radious r e 0 of the extremely outer 

conductor of the resolver excitation phase pattern and the radious r ao of the extremely outer 

"1 conductor of the rotary transformer primary side pattern, or the radius r ei of the extremely inner 

„ ,j conductor of the resolver excitation phase pattern and the radius r aI of the extremely inner conductor 

j of the rotary transformer primary side pattern are established so as to become 
■ 

5 0<r ao -r 9o <4xX a 

■ and 

! 

0<r ei -r d <4xX a 




0<r eo -r ao < 4x X 
and 

0 < r ai - r ei < 4 x X 9 
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RESOLVER USING SHEET COIL 



FIELD OF THE INVENTION 



The present invention relates to a small- sized and thin 
type resolver using a sheet coil, which is used for detection 
of speed and position of a servomotor in the field of , for example , 
factory automation equipment and office automation apparatuses 
and is composed of a sheet coil. 



A prior art with resolver using a sheet coil is such that 
a flat sheet coil of an excitation phase consisting of one phase 
and a flat sheet coil of a detection phase consisting of two 
phases are disposed with air gaps , wherein the detection phase 
has a detection phase of eddy patterns made of copper foil and 
formed on the surface side and rear side thereof, between which 
a thin film insulation sheet layer is placed, and another 
detection phase having a phase difference of an electric angle 
of 90° with respect to the above -described detection pha^e , 
although it is the same pattern, between which the thin 
insulation sheet layer is placed. On the other hand, the 
excitation phase is such that the same eddy-like pattern is 



BACKGROUND OF THE INVENTION 
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disposed without any difference in phase on the surface side 
and rear side thereof, between which a thin-film insulation 
sheet layer is placed. The resolver using a sheet coil is such 
that the flux linkage of the detection changes like sine waves 
by a rotation angle at high precision on the basis of an eddy 
pattern that is accurately patterned by etching, etc. , and the 
angular error is reduced to be small (For example, JP, 8-84449, 
A) . 

Also , the following rotary transformer is disclosed as that 
having the same functions as those of the resolver using a sheet 
coil. In the rotary transformer, a pair of secondary side 
conductor patterns formed on the surface side and rear side 
of a thin -film substrate made of an insulation body are formed 
of multi-layered thin-film conductors concentrically with 
clearance secured at a part of a circle, and the ends between 
the thin-film conductors are connected to each other by a jumper 
line, wherein the second side is opposed to and disposed at 
the primary side of the transformer through a throughhole and 
clearance (For example, JP , 8-306562, A). 

Also , in other prior art with resolvers having a sheet coil , 
there is a resolver in which a patter of a rotary transformer 
is provided inside the resolver pattern, and the pattern of 
the rotary transformer and that of the resolver are made integral 
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with each other (For example, JP , 8-136211, A). 

However, the following problems and shortcomings exist in 
the prior arts . 

(1) Since a resolver using a rotary transformer according to 
JP, 8-136211 is such that the pattern of a rotary transformer 
is made integral with that of a resolver, the number of working 
processes can be reduced, and production cost thereof can be 
decreased. But, the outer diameter must be reduced when making 
the resolver smaller, the pattern of the rotary transformer 
is made very small, wherein a lowering in the transformation 
ratio occurs due to a decrease in a magnetic flux and number 
of windings , and an appointed detection voltage could not be 
obtained. Also, since the detection phase pattern links with 
a magnetic flux produced by the rotary transformer, large 
residual voltage is generated to cause an angular error to be 
increased . 

(2) In the resolver described in JP, 8-84449 and rotary 
transformer described in JP, 8-306562 the primary side center 
is misaligned with the secondary side center due to misalignment 
when attaching a sheet coil of a conductor, and as the sh^et 
coil rotates, a fluctuation component in the mechanical angle 
of 3 6 0° appeared in the amplitude of flux linkage. As described 
above, in the prior arts, there is a problem in that only slight 



misalignment in attaching a sheet coil causes a large angular 
error. Also, although the angular error can be decreased if 
the precision of attaching a sheet coil and of incorporation 
thereof is improved, the cost is increased instead, wherein 
an original effect of becoming less expensive may be lost . 

It is therefore an object of the invention to provide an 
inexpensive resolver using a sheet coil, having only a small 
angular 'error , which can be downsized without resulting in a 

[ lowering of the detection voltage and can limit the variation 
in amplitude of flux linkage even if misalignment occurs when 

; attaching a sheet coil. 

3 

1 SUMMARY OF THE INVENTION 

The present invention is ameans to solve the above -described 
problems and shortcomings , and a resolver using a sheet coil 
according to a first embodiment of the present invention is 
as described in Claims 1 through 5 . 

That is, a resolver according to the invention is provided 
with a disk- shaped rotor and two disk- shaped stators between 
which the rotor is placed with air gaps in the axial direction 
thereof, wherein the above-described rotor is such that a rotor 
side sheet coil is attached to both sides of a disk-shaped soft 
magnetic material on which are formed a secondary side pattern 



4 



of a rotary transformer and a resolver excitation phase pattern , 
and a stator side sheet coil having a rotary transformer primary 
side pattern formed on a disk-shaped soft magnetic material 
is attached to one of the stators opposed to the above -described 
rotary transformer secondary pattern, and a stator side sheet 
coil having a resolver detection phase pattern formed on a 
disk-shaped soft magnetic material is attached to the other 
of the above -described stators opposed to the above-described 
resolver excitation phase pattern. 

Also, the above -described rotor side sheet coil according 
to the invention is formed of a single sheet composed of a disk 
having the above-described resolver excitation phase pattern 
formed, a disk having the above -described rotary transformer 
secondary side pattern formed, and a linear portion having a 
cross-over line that connects the above-described resolver 
excitation phase pattern and the above -described rotary 
transformer secondary side pattern to each other. 

In addition, the above -described stator side sheet coil 
is formed of a single sheet composed of a disk having the 
above-described resolver detection phase pattern formed, a dl.sk 
having the above -described rotary transformer primary side 
pattern formed , and a linear portion that links the corresponding 
two disks with each other. 
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Further, the above- described rotary transformer secondary 
side pattern formed on both sides of the disk according to the 
invention is a pattern eddying from outside to inside, and both 
the patterns are connected to each other in series, and the 
above -described resolver excitation phase pattern that is 
formed at both sides of the disk is a pattern eddying by 2N 
times in the circumferential direction where N is a natural 
number . and the center of the eddy on the surface side is disposed 
at the same position of the eddy on the rear side in the 
circumferential direction, and 4N eddies are connected to each 
other in series, wherein the axial multiple angle is NX. 

Also, the above -described rotary transformer primary side 
pattern is formed on both sides of the disk, and both patterns 
eddying from outside to inside are connected to each other in 
series, and the above -described resolver detection phase 
pattern is formed on both sides of the disk, and one side of 
which is a "a" phase and the other of which is a n |3" phase, 
wherein 2N patterns eddying in the circumferential direction 
are disposed, and the center positions of the eddies of the 
"a" phase and "|3" phase slip by 90/N° from each other in the 
circumferential direction. Also, 2N eddies are connected to 
each other in series, wherein the axial angle becomes NX. 

Therefore, in the invention described in Claims 1 through 
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5 , since the area of the rotary transformer can be increased 
further than that of the prior art rotary transformers even 
if the outer diameter thereof is reduced, the detection voltage 
is lowered beyond the prior arts. Also, since the patterns of 
the rotary transformer are not on the same level as that of 
the resolver patterns , no flux produced by the rotary transformer 
links with the detection phase patterns of the resolver , whereby 
a problem of the residual voltage can be solved , and it is possible 
to provide a resolver using a sheet coil, the angular error 
of which is further suppressed to be small. And, power 
consumption can be remarkably decreased, whereby it is very 
advantageous in an operation backed up by a battery in case 
of an electric failure. 

Next, a resolver using a sheet coil according to a second 
preferred embodiment of the invention is as described in Claims 

6 and 7 . 

That is, in the invention, one of either the outer diameter 
of the above -described rotary transformer secondary side 
pattern and that of the above-described rotary transformer 
primary side pattern is made larger than the other thereof. 

Also, in the invention, the radius r 2 of the extremely outer 
conductor of the above -described rotary transformer secondary 
side pattern and radius r : of the extremely outer conductor 
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of the above -described rotary transformer primary side pattern 
is established so as 0<r 2 - r^4XA 2 or 0 < r x - r 2 ^4X 
A x wherein the pattern pitch of the rotary transformer secondary 
side pattern is A 2 and the pattern pitch of the rotary transformer 
primary side pattern isA x . 

Next, a resolver using a sheet coil according to a third 
preferred embodiment of the invention is as described in Claims 
8 and 9 .' 

That is, in the invention, the outer diameter of the 
above-described resolver excitation phase pattern is made 
larger than the outer diameter of the resolver detection phase 
pattern while the inner diameter of the resolver excitation 
phase pattern is made smaller than the inner diameter of the 
resolver detection phase pattern, or the outer diameter of the 
above -de scribed detection phase pattern is made larger than 
the outer diameter of the above -described excitation phase 
pattern while the inner diameter of the detection phase pattern 
is made smaller than the inner diameter of the excitation phase 
pattern . 

Also, in the invention, where the pattern pitch of the 
resolver excitation phase pattern is A 9 , and the pattern pitch 
of the resolver detection phase pattern isA a , the radius r 



90 of the extremely outer conductor of the resolver excitation 
phase pattern and the radius T a0 of the extremely outer conductor 
of the rotary transformer primary side pattern, or the radius 
r 9 jOf the extremely inner conductor of the resolver excitation 
phase pattern and the radius r ai of the extremely inner conductor 
of the rotary transformer primary side pattern are established 
so as to become 0 < r a0 ~ r go ^ 4 X A a and 0 < r 9t — r 4 X 
A a or <J< r B0 - r aC ^4 X A g and 0<r ai -r 9i ^4XA 9 . 

Therefore, with the invention as described in Claims 6 
through 9, it is possible to limit the variation in amplitude 
of flux linkage even if misalignment occurs when attaching sheet 
coils , wherein the angular error can be minimized. In addition, 
since there is no need to remarkably increase the assembling 
accuracy, it is possible to provide an inexpensive resolver. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a sectional view of a resolver using a sheet coil 

according to the first embodiment of the invention; 

Fig. 2 develops a plan view of a pattern of a stator side 

sheet coil, wherein (a) shows the pattern on the surface side 

thereof, and (b) shows the pattern on the rear side when seeing 

it through the front side of (a); 
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Fig. 3 develops a plan view showing a pattern of a rotor 
side sheet coil, wherein (a) shows the pattern on the surface 
side thereof, and (b) shows the pattern on the rear side when 
seeing it through the front side of (a) ; 

Fig. 4 shows patterns of a resolver using a sheet coil 
according to the second embodiment of the invention, which are, 
respectively, observed in the same direction, wherein (a) is 
the primary side pattern of a rotary transformer, (b) is the 
secondary side pattern thereof , and in the drawings , solid lines 
indicate the pattern of the surface side of sheet coil while 
dotted lines indicate the rear side pattern that is seen through 
the surface side, and (c) illustrates the profile of the 
extremely outer circumferences of the respective patterns when 
the primary side of the rotary transformer is opposed to the 
secondary side; 

Fig. 5 is a view showing the rotary transformer primary 
side pattern and the profile of the extremely outer 
circumferences of the primary side pattern when the rotor 
misaligns with respect to the center of the stator, wherein 
(a) shows a case where the rotor stands still, (b) shows a case 
where the rotor turns by 90 degrees, (c) shows a case where 
the rotor turns by 180 degrees, and (d) shows a case where the 
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rotor turns by 270 degrees . Fig . 6 shows patterns of the resolver 
using a sheet coil according to the third embodiment of the 
invention, which are, respectively, observed in the same 
direction, wherein (a) shows a resolver detection phase pattern , 
( b ) shows a resolver excitation phase pattern , and in the drawing 
solid lines indicate the pattern on the surface side of the 
sheet coil, and dotted lines indicate the pattern of the rear 
side , which is seen through the surface side , and ( c ) illustrates 
the profiles of the extremely outer diameter and extremely inner 
diameter of the respective patterns when the excitation phase 

of the resolver is opposed to the detection phase thereof ;/Fig . 

/ 

7 is a view showing the profiles of the extremely outer diameter 
and extremely inner diameter of the resolver detection phase 
pattern and excitation phase pattern when the rotor misaligns 
with respect to the center of the stator, wherein (a) indicates 
a case where the rotor stands still, (b} indicates a case where 
the rotor turns by 90 degrees, (c) indicates a case where the 
rotor turns by 180 degrees, and (d) indicates a case where the 
rotor turns by 2 70 degrees; Fig. 8 is a view showing the 
relationship between the amount 5 of misalignment and the 
angular error in the resolver using a sheet coil whose axial 
angle is 3X and outer diameter is 35mm degrees. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Hereinafter, a description is given of embodiments of the 
invention . 
Embodiment 1 

Fig. 1 is a sectional view of a resolver using a sheet coil 
according to the first embodiment of the invention. Fig. 2 
develops a plan view of a pattern of a stator side sheet coil, 
wherein '(a) shows the pattern on the surface side thereof, and 
(b) shows the pattern on the rear side when seeing it through 
the of (a); and Fig. 3 develops a plan view showing a pattern 
of a rotor side sheet coil, wherein (a) shows the pattern on 
the surface side thereof, and (b) shows the pattern on the rear 
side when seeing it through the front side. In these drawings, 
a resolver, the axial multiple angle of which is 2X and which 
is one-phase excitation two-phase output type, is shown as an 
example. 2X means a resolver having a pole logarithm of 2 , wherein 
"X" is usually added where it is expressed in terms of axial 
multiple angle. 

A description is given of characteristics of a resolver 
using a sheet coil according to the invention. I 

In Fig. 1, the resolver is composed of a rotor 4 and two 
stators 2 and 3 secured at both sides in the axial direction 
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of the rotor 4. The rotor 4 has disks 61 and 62 of the rotor 
side sheet coil 6, which are attached to both sides of a back 
yoke 41 made of thin disk-shaped ferrite. The rotor side sheet 
coil 6 uses a copper foil as a conductor, and a coil pattern 
is formed on both sides of a thin film insulation sheet layer. 
Also, a shaft 1 is vertically secured and fixed by adhering 
at the center of one side of a back yoke 41 of the rotor 4, 
and a hole is provided at the center of a back yoke 21 that 
constitutes the stator 2, through which the shaft is passed. 

First, a description is given of a stator side sheet coil 
with reference to Fig. 2. 

The stator side sheet coil 5 is composed of two disks 51 
and 52, a linear portion 53 that connects them to each other, 
and a projection 54 extending from one side in the vicinity 
of the middle of the linear portion 53 to sideways, and a rotary 
transformer primary side pattern 55 andresolver detection phase 
patterns 56 and 57 are, respectively, formed at each of the 
disks 51 and 52. The resolver detection phase patterns 56 and 
57 have, respectively, an "a" phase 56 on their surface side, 
and a "(3" phase 57 on their rear side. V 

The rotary transformer primary side pattern 5 5 eddies from 
the vicinity of the center of the disk 51 to the outside, and 
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the pattern 55 has two terminals (positive and negative) 58 
on both sides of the projection 54. (Positive) on the surface 
side of the terminal 58 and (Negative) on the rear side thereof 
are, respectively, connected to the outside of the surface eddy 
and the outside of the rear side eddy . Further , they are connected 
to each other by a throughhole 59 in the vicinity of the center. 
The surface and rear patterns eddy in the same direction when 
being observed from the same surface side, thereby constituting 
a single coil. 

Four eddy patterns are formed on the resolver detection 
phase patterns 56 and 57 in the circumferential direction, and 
slip by half a pitch in the circumferential direction from each 
other. Therefore, they slip by 90 degrees in terms of electric 
angle and by 45 degrees in terms of mechanical angle. 

Two terminals ( SA1 and SA2 ) 58 of the resolver detection 
phase pattern 56 ("a" phase) are provided on the rear side of 
the projection 54, and they are connected to the centers of 
the eddy patterns on the surface side through the throughholes 
50 between the eddy coil patterns on the rear side. The outside 
of the eddy is linked to the outside of the eddy adjacent therdto 
by a crossover line, and the centers thereof are linked to each 
other on the rear side through the throughholes 50. 
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Two terminals {SB1 and SB2 ) 58 of the resolver detection 
phase pattern ("(3" phase) 57 are provided on the surface side 
of the projection 54, wherein the two terminals are connected 
to the centers of the eddy patterns on the rear side through 
the throughholes 50 between the eddy coil patterns on the surface 
side. The outside of the eddy is linked to the outside of the 
eddy adjacent thereto by a crossover line, and the centers 
thereof are linked to each other on the surface side through 
the throughholes 50. 

Next, a description is given of the rotor side sheet coil 
with reference to Fig. 3. 

The rotor side sheet coil 6 is composed of two disks 61 
and 62 and a linear portion 6 3 that connects the two disks to 
each other. A rotary transformer secondary side pattern 64 and 
a resolver excitation side pattern 65 are, respectively, 
provided on the disks 61 and 62. Four eddy patterns are formed 
on both sides of the resolver excitation phase pattern 65 in 
the circumferential direction. The circumferential positions 
on both sides aremade the same . These patterns are all connected 
in series, and are composed as described below. A crossover 
line is formed on both sides of the linear portion 63, which 
links the rotary transformer secondary side pattern 64 and 



resolver excitation phase pattern 65 with each, other, wherein 
they are connected to the outside of the eddies formed on both 
sides of the rotary transformer secondary side pattern 64, and 
they are connected to each other inside the eddies through a 
throughhole 66. The crossover line on the surface side of the 
linear portion 63 is linked with the outside of one eddy located 
on the surface side of the resolver excitation phase pattern 
65, and is linked with the center of the rear side eddy through 
the throughhole 67 at the center. The outside of the rear side 
eddy is linked with the outside of the eddy adjacent thereto. 
In addition, it is linked with the surface side eddy through 
the throughhole 6 7 at the center of the eddy. The same connection 
is repeated, and finally it is connected to the rear side 
crossover line of the linear portion 63. 

The stator side sheet coil 5 and rotor side sheet coil 6, 
which are formed as described above, fold up at the linear 
portions 53 and 63, and are attached to the back yokes 21 and 
31 of the stators 2 and 3 and to the back yoke 41 of the rotor. 
And, the patterns are disposed so that the rotary transformer 
primary side pattern 55 of the stator side sheet coil 5 is opposed 
to the rotary transformer secondary side pattern 6 4 of the rotor 
side sheet coil 6, and the resolver detection phase patterns 
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56 and 5 7 of the stator side sheet coil 5 are opposed to the 
resolver excitation side pattern 65 of the rotor side sheet 
coil 6 . 

Next , a description is given of the actions . 

In the resolver using sheet coils, which is constructed 
as described above, by applying a high frequency voltage from 
the terminals 58 (positive and negative) of the rotary 
transformer primary side pattern 55 at the stator side, voltage 
is induced at the rotary transformer secondary side pattern 
64 at the rotor side. With the voltage, an electric current 
flows to the resolver excitation phase pattern 65, thereby 
producing a flux distribution having ridges and valleys in the 
circumferential direction. When the flux is linked with the 
stator side resolver detection phase patterns 56 and 57, it 
is possible to obtain a detection voltage whose amplitude changes 
in response to the rotary angle. Also, since the resolver 
detection phase pattern 56 of "a" phase and the resolver 
detection phase pattern 57 of "p" phase are disposed with a 
phase error of 90 degrees in terms of electric angle, the 
amplitude of the detection voltage changes with a phase erior 
of 90 degrees in terms of electric angle, wherein the resolver 
functions as a one-phase excitation and two-phase output 
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resolver . 

The first embodiment according to the invention constitutes 
a resolver provided with a rotor including a rotary transformer 
secondary side pattern and a resolver excitation phase pattern 
on both sides , and s tators including a rotary transformer primary 
side pattern and a resolver detection phase pattern with air 
gaps on both sides in the axial direction of the rotor . Therefore , 
if compared with a type in which a prior art rotary transformer 
pattern is employed inside the resolver pattern, the rotary 
transformer pattern according to the invention has an area larger 
by four times than that of the prior art rotary transformer 
pattern where it is assumed that they have the same outer diameter 
As a result, the number of times of turns becomes larger by 
eight times at both the primary side and secondary side, and 
the flux with which the secondary side of the rotary transformer 
is linked is remarkably increased by an increase in permeance. 
That is, in a case where an appointed detection voltage is 
obtained, the present embodiment further decreases the power 
consumption in comparison with the prior arts. In addition, 
since the rotary transformer pattern and resolver detection 
phase pattern are not on the same surface, differing from the 
prior arts , the flux that is produced by the rotary transformer 



18 



is not linked with the resolver detection phase pattern. That 
is, the problem of a residual voltage, that has occurred in 
the prior arts, can be solved, and it is possible to obtain 
a highly accurate resolver using sheet coils . 

Embodiment 2 

Next, a description is given of the second embodiment of 
the inve'ntion. 

Fig. 4 shows patterns of a resolver using a sheet coil 
according to the second embodiment of the invention, which are, 
respectively, observed in the same direction, wherein (a) is 
the primary side pattern of a rotary transformer, (b) is the 
secondary side pattern thereof , and in the drawings , solid lines 
indicate the pattern of the surface side sheet coil while dotted 
lines indicate the rear side pattern that is seen through the 
surface side, and (c) illustrates the profile of the extremely 
outer circumferences of the respective patterns when the primary 
side of the rotary transformer is opposed to the secondary side . 

In these drawings , the second embodiment differs from the 
first embodiment in that the radius r 2 of the extremely outer 
conductor of the secondary side pattern is larger than the radius 
r x of the extremely outer conductor of the primary side pattern. 
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The difference between the radius r 2 and r L is established to 
be 0 < r 2 — r^4XA 2 where the pattern pitch of the secondary 
side pattern is X 2 . 

Also, the reason why this condition is established is that 
if 4 X A 2 is 0 . 2mm at minimum since the amount of error occurring 
when attaching the sheet coils is ±0 . 2mm or less even if the 
ease of assembling is taken into consideration, and the pattern 
pitch is 0.0 5mm at minimum, ther 2 ~ r x is 0.2mm. Therefore, 
even if the amount of error is ±0.2mm, the primary side pattern 
does not come out of the secondary side pattern. 

Next, a description is given of the actions. 

Fig . 5 is a view showing the rotary transformer primary side 
pattern and the profile of the extremely outer circumferences 
of the secondary side pattern when the rotor misaligns with 
respect to the center of the stator, wherein (a) shows a case 
where the rotor stands still, (b) shows a case where the rotor 
turns by 90 degrees, (c) shows a case where the rotor turns 
by 180 degrees, and (d) shows a case where the rotor turns by 
270 degrees. In a resolver using a sheet coil as described 
above, if the misalignment occurs when attaching a sheet coil, 
the rotor side sheet coil is subjected to axial misalignment 
with respect to the stator side sheet coil, and the rotary 
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transformer secondary side pattern 6 4 turns on the rotary 
transformer primary side pattern 55 as shown in Fig .5(a) through 
(d) . The extremely outer diameter of the primary side pattern 
55 enters the extremely outer diameter of the secondary side 
pattern 64, wherein the variation in amplitude of flux linkage 
is decreased. 

Since the second embodiment according to the invention is 
constructed as described above, even if axial misalignment 
occurs when attaching a sheet coil, or the rotor is subjected 
to axial misalignment or a center slip, the variation in 
amplitude of the flux linkage is limited, and no angular error 
is increased. 

Embodiment 3 

Next, a description is given of the third embodiment. 

Fig. 6 shows patterns of the resolver using a sheet coil 
according to the third embodiment of the invention, which are, 
respectively, observed in the same direction, wherein (a) shows 
a resolver detection phase pattern, (b) shows a resolver 
excitation phase pattern, and in the drawing, solid lines 
indicate the pattern on the surface side of the sheet coil, 
and dotted lines indicate the pattern of the rear side, which 
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is seen through the surface side, and (c) illustrates the 
profiles of the extremely outer diameter and extremely inner 
diameter of the respective patterns when the recitation phase 
of the resolver is opposed to the detection phase thereof. In 
the third embodiment , a description is based on a resolver having 
a pole logarithm of 3, which has an axial multiple angle of 
3X, and is a single-phase excitation and two-phase detection 
type, and is further provided with an eddy pattern of 360° in 
terms of electric angle. 

In these drawings, the third embodiment differs from the first 
embodiment in that the radius r« 0 of the extremely outer conductor 
of the detection phase pattern is larger than the radius r 9 
o of the extremely outer conductor of the excitation phase, 
and the radius r ai of the extremely inner conductor of the 
detection phase pattern is smaller than the radius r 9i of the 
extremely inner conductor of the excitation phase pattern. A 
difference in radius between r a0 - r 9o and r 6i - r ai is established 
to be 0 < r aQ - r 9Q ^ 4 X A a and 0<r n -r ai ^4XA a where the 
pattern pitch of the detection phase pattern isA a . 

Next, a description is given of the actions. \ 
Fig. 7 is a view showing the profiles of the extremely outer 
diameter and extremely inner diameter of the resolver detection 
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phase pattern and excitation phase pattern when the rotor 
misaligns with respect to the center of the stator, wherein 
(a) indicates a case where the rotor stands still , (b) indicates 
a case where the rotor turns by 90 degrees, (c) indicates a 
case where the rotor turns by 180 degrees, and (d) indicates 
a case where the rotor turns by 2 70 degrees . In a resolver using 
a sheet coil, which is constructed as described above, if axial 
misalignment occurs when attaching a sheet coil, the rotor side 
sheet coil is subjected to axial misalignment with respect to 
the stator side sheet coil, and as shown in Fig. 7(a) through 
(d) , the resolver excitation phase pattern 65 turns on the 
resolver detection phase patterns 56 and 57 . The extremely outer 
diameter of the excitation phase pattern 6 5 enters the extremely 
outer diameter of the detection phase patterns 56 and 57 without 
fail, wherein the extremely inner diameter of the excitation 
phase pattern 65 enters the extremely inner diameter of the 
detection phase patterns 56 and 57. Therefore, the variation 
in amplitude in flux linkage is decreased. 

Herein, Fig. 8 is a view showing the relationship between 
the amount 5 of misalignment and the angular error in the 
resolver using a sheet coil whose axial multiple angle is 3X. 
This indicates angular errors at r a0 — r 90 = 0 , r a0 ~ I oQ — A a , 
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I" «o" r 0O = 2 X A a , r a0 - r 3 X A a and r tt0 - r 0O = 4 X A a at the 
minimum pattern pitch of 50fim. As has been made clear in the 
drawings, in the case of prior arts ( r a0 — r go = 0 ) , the angular 
error was remarkably increased in line with an increase in the 
amount 5 of misalignment. But, according to the invention, if 

r a o~ r 90 — 4 X A a and r 90 — r a0 — 4 X A a are established, that is , 
the outside radius of the detection phase is made larger by 
four pitches than that of the excitation phase while the inside 
radius of the detection phase is made smaller by four pitches 
than that of the excitation phase even if the amounts is 0.2mm, 
the angular error remains as it is small. Also, if it is enough 
that, in the resolver of the axial multiple angle of 3X, the 
angular error is 5 degree or less , r a0 ~ r eo = 2 X A a and r gQ - 
r aQ =2X A a are established, that is, the outside radius of the 
detection phase is made larger by two pitches than that of the 
excitation phase, and the inside radius of the detection phase 
is made smaller by two pitches. 

In the above -described embodiment, since the sheet coil 
is increased in size, it seems that it becomes a shortcoming 
for the sake of downsizing. But, since the increase in size 
is ±0.2mm at most, it does not constitute any problem in view - 
of the entirety. 
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Also, although the number of turn times is increased to 
increase the patterns, there may remain a concern about 
increasing the loss due to an increase in resistance. However, 
an increase in the number of turn times is four or less according 
to the invention, wherein the ratio of a single eddy pattern 
to the number of turn times is 5% at most. That is, the ratio 
is very slight in terms of the entire loss of the resolver, 
which does not constitute any problem. 

Since the third embodiment according to the invention is 
constructed as described above, as in the second embodiment, 
even if axial misalignment occurs when attaching a sheet coil, 
or the rotor is subjected to axial misalignment or a center 
slip, the variation in amplitude of the flux linkage is limited, 
and no angular error is increased. 

In addition , in the first embodiment , although the thickness 
of the back yokes of the rotor or stator is determined to be 
adequate in Fig. 1, no problem is constituted even if the 
thickness of these back yokes is made thinner to 2 through 3mm 
since the flux produced by the rotary transformer pattern and 
resolver patterns are very small. Further, the flux that\is 
produced by the patterns on both sides of the rotor does not 
interfere with each other due to the same reason. 
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Still further, the second and third embodiments relate to 
a case where, in the rotary transformer, the radius r 2 of the 
extremely outer conductor at the secondary side pattern is made 
larger than the radius r x of the extremely outer conductor of 
the primary side pattern and, in the resolver, the radius r a 
o of the extremely outer conductor of the detection phase pattern 
is larger than the radius r 60 of the extremely outer conductor 
of the excitation phase pattern while the radius r a± of the 
extremely inner conductor of the detection phase pattern is 
smaller than the radius rei of the extremely inner conductor 
of the excitation phase pattern. It is needless to say it is 
acceptable that the relationship in size between them is inverted . 
In addition, in the embodiments, the rotary transformer and 
resolver may be separately handled. However, there is no problem 
that they are constituted so as to be handled as a single sheet 
coil in which they are integrated to each other. 

The above -described description was based on a case where 
the axial multiple angles are 2X and 3X. It is needless to say 
that other axial multiple angles may be used, wherein the same 
effects can be brought about. \ 

INDUSTRIAL APPLICABILITY 
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The present invention pertains to a resolver that is used 
to detect the speed and position of a servomotor in the fields 
of factory automation equipment and office automation 
apparatuses, wherein the resolver can be downsized without 
resulting in a lowering of the detection voltage, and it is 
possible to limit the variation in amplitude of flux linkage 
even if axial misalignment occurs when attaching a sheet coil . 
Furthermore, the invention may be applicable in providing of 
an inexpensive resolver using a sheet coil, which has only a 
small angular error. 

What is claimed is : 

1 . A resolver including a disk- shaped rotor and two disk- shaped 
stators between which said rotor is placed with air gaps in 
the axial direction thereof, wherein said rotor is such that 
a rotor side sheet coil is attached to both sides of a disk- shaped 
soft magnetic material on which are formed a secondary side 
pattern of a rotary transformer and a resolver excitation phase 
pattern , and a stator side sheet coil having a rotary transformer 
primary side pattern formed on a disk- shaped soft magnetic 
material is attached to one of said stators opposed to said 
rotary transformer secondary pattern, and a stator side sheet 
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coil having a resolver detection phase pattern formed on a 
disk-shaped soft magnetic material is attached to the other 
of said stators opposed to said resolver excitation phase 
pattern . 

2 . The resolver using a sheet coil as set forth in Claim 1 , 
wherein the rotor side sheet coil is formed of a single sheet 
composed of a disk having said resolver excitation phase pattern 
formed, 'a disk having said rotary transformer secondary side 
pattern formed, and a linear portion having a cross-over line 
that connects said resolver excitation phase pattern and said 
rotary transformer secondary side pattern to each other. 

3. The resolver using a sheet coil as set forth in Claim 1, 
wherein said stator side sheet coil is formed of a single sheet 
composed of a disk naving said resolver detection phase pattern 
formed, a disk having said rotary transformer primary side 
pattern formed , and a linear portion that links the corresponding 
two disks with each other. 

4 . The resolver using a sheet coil as set forth in Claim 1 
or 2, wherein said rotary transformer secondary side pattern 
formed on both sides of the disk according to the invention 
is a pattern eddying from outside to inside, and both the patterns 
are connected to each other in series , and said resolver 
excitation phase pattern that is formed at both sides of the 
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disk is a pattern eddying by 2N times in the circumferential 
direction where N is a natural number, and the center of the 
eddy on the surface side is disposed at the same position of 
the eddy on the rear side in the circumferential direction, 
and 4N eddies are connected to each other in series, wherein 
the axial multiple angle is NX. 

5 . The resolver using a sheet coil as set forth in Claim 1 
or 3, wherein said rotary transformer primary side pattern is 
formed on both sides of the disk, and both patterns eddying 
from outside to inside are connected to each other in series, 
and said resolver detection phase pattern is formed on both 
sides of the disk, and one side of which is an "a" phase and 
the other of which is a phase, wherein 2N patterns eddying 
in the circumferential direction are disposed, and the center 
positions of the eddies of the "a" phase and "|3" phase slip 
by 90/N° from each other in the circumferential direction, and 

2N eddies are connected to each other in series to cause 
the axial multiple angle to become NX. 

6. The resolver using a sheet coil as set forth in any one 
of Claims 1 through 5 , wherein one of either the outer diameter 
of said rotary transformer secondary side pattern or that of 
said rotary transformer primary side pattern is made larger 
than the other thereof. 
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7. The resolver using a sheet coil as set forth in any one 
of Claims 1 through 6, wherein the radius r 2 of the extremely 
outer conductor of said rotary transformer secondary side 
pattern and radius ri of the extremely outer conductor of said 
rotary transformer primary side pattern is established so as 
0<r 2 - r^4XA 2 or 0<r x - r 2 ^4XA 1 where the pattern 
pitch of the rotary transformer secondary side pattern is A 
2 and the pattern pitch of the rotary transformer primary side 
pattern isAj.. 

8. The resolver using a sheet coil as set forth in any one 
of Claims 1 through 5 , wherein the outer diameter of said resolver 
excitation phase pattern is made larger than the outer diameter 
of the resolver detection phase pattern while the inner diameter 
of the resolver excitation phase pattern is made smaller than 
the inner diameter of the resolver detection phase pattern, 
or the outer diameter of the above -described detection phase 
pattern is made larger than the outer diameter of the 
above-described excitation phase pattern while the inner 
diameter of the detection phase pattern is made smaller than 
the inner diameter of the excitation phase pattern. V 

9. The resolver using a sheet coil as set forth in any one - 
of Claims 1, 2, 3, 4, 5 and 8, wherein, where the pattern pitch 
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of the resolver excitation phase pattern is A g , and the pattern 
pitch of the resolver detection phase pattern is A a , the radius 

r 9Q of the extremely outer conductor of the resolver excitation 
phase pattern and the radius r a0 of the extremely outer conductor 
of the rotary transformer primary side pattern, or the radius 

r fliOf the extremely inner conductor of the resolver excitation 
phase pattern and the radius r ai of the extremely inner conductor 
of the rotary transformer primary side pattern are established 
so as to become 

0< r aQ - r 9Q ^4 X A a 
and 

0 < r ei _- r al S4X A a 
or 

0 < r 90 — r ffi0 ^ 4 X A 9 
and 

0< r ai - r si ^4XA s . 
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Abstract 

A disklike rotor (4) is placed with air gaps between disklike stators (2, 3). The disklike 
rotor (4) has a sheet coil (6) attached to its sides, on which are formed the secondary coil pattern 
of a rotary transformer and a resolver excitation phase pattern. A sheet coil (5) having the 
secondary coil pattern of the rotary transformer is attached to the stator (2) opposed to the 
secondary coil pattern on the rotor, while a sheet coil (5) having a resolver detection phase 
pattern is attached to the stator (3) opposed to the resolver excitation phase pattern on the rotor. 
This resolver using a sheet coil is inexpensive and small-sized, decreases angular errors, and 
avoids the decrease in detection voltage. The variation in amplitude of flux linkage can be 
limited if there is misalignment of a sheet coil. 
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